Melatonin, an indolic pineal hormone, is produced primarily at night in mammals and is important in controlling biological rhythms. Previous research suggested that melatonin can attenuate proliferation in the estrogen-responsive MCF-7 breast cancer cell line. We tested whether these antiproliferative effects may have physiological consequences upon two estrogen-responsive cell lines, MCF-7 (a breast cancer cell line) and BG-1 (an ovarian adenocarcinoma cell line). Melatonin (10 -9 -10 -5 M) attenuated proliferation of MCF-7 and BG-1 cells by >20% in the absence of estrogen. However, 17β-estradiol exposure negated the ability of melatonin to inhibit proliferation. To substantiate this finding, cells were estrogen starved followed by multiple treatments with estradiol and melatonin. Melatonin did not inhibit estradiol-stimulated proliferation under this protocol. Estradiol increased MCF-7 and BG-1 cell cycle transition from G 1 to S phase, however, melatonin did not inhibit this transition nor did it down-regulate estradiolinduced pS2 mRNA levels measured by northern blotting, further indicating that melatonin was unable to attenuate estradiol-induced proliferation and gene expression. We also examined the effects of melatonin on estradiol-induced proliferation in MCF-7 cell xenografts in athymic nude mice. Melatonin at a dose 28 times greater than 17β-estradiol did not inhibit estradiol-induced proliferation in vivo. Furthermore, pinealectomy did not increase proliferation. Therefore, we conclude that melatonin does not directly inhibit estradiol-induced proliferation.
Introduction
Several studies suggest that melatonin can inhibit cancer. For example, melatonin (500 µg/day) administered during the promotion phase reduced the incidence and number of mammary tumors in N-nitroso-N-methylurea-treated rats (1) . Co-administration of tamoxifen and melatonin (20 mg/day/os) caused regression of metastatic breast cancer in women (2) . The above studies provide evidence that high doses of melatonin can act to attenuate proliferation of estrogen-responsive tumors. Melatonin (2.5 mg/kg/day) is also reported to inhibit tumor formation in 7,12-dimethylbenz [a] anthracene-treated rats and pinealectomy increased tumor incidence in this estrogen receptor-independent model (3) . It should be noted that in many of these studies melatonin was used at doses well above those that the body normally produces, therefore, the effects may be due to pharmacological actions of melatonin. Additionally, these studies generally address the actions of melatonin addition on tumor development, not the loss of melatonin that occurs during aging (4) .
The role of melatonin in cancer has several public health implications. Melatonin is widely used by the US population despite the uncertainties of its physiological effects. In addition, concern about the potential carcinogenic hazard of electromagnetic fields is in part due to the electromagnetic field/melatonin hypothesis that suggests that electromagnetic fields and/or light at night reduce melatonin concentrations and thus cause breast cancer (5) .
Melatonin has also been reported to be oncostatic in the estrogen receptor-positive breast cancer cell line MCF-7 (6) . Melatonin was shown to directly attenuate growth in estrogen receptor-positive cells at physiological concentrations (~3ϫ 10 -10 M at night), but not in estrogen receptor-negative cell lines (7) , by increasing the delay from G 1 to S phase in the cell cycle of MCF-7 cells (8) . Further studies have suggested that melatonin acts by down-regulating estrogen receptor number (9,10); however, melatonin has also been shown to increase estrogen receptor activity (11) . Furthermore, others have presented evidence suggesting that attenuation of growth by melatonin does not occur at physiological concentrations or does not occur at all (12) .
Therefore, the present study was undertaken to examine the effects of melatonin in vitro and in vivo on estrogen-induced cell proliferation and some of the factors that may govern these effects in the estrogen receptor-positive human cancer cell lines of the breast (MCF-7) and the ovary (BG-1). MCF-7 cells are a well-established model for studying estrogenstimulated growth in vivo (13) . We have recently shown that BG-1 cells (14, 15) are equally responsive to estrogen stimulation and represent a good alternative model to study estrogen effects in vitro. MCF-7 cells were previously examined for their responsiveness to melatonin (6) (7) (8) and shown to contain the putative melatonin nuclear receptor (RZRα) (16) . The effect of melatonin upon BG-1 cells has not been examined previously.
Materials and methods
Cell culture BG-1 cells are an ovarian adenocarcinoma from Wake Forest University (14) . MCF-7 cells were originally obtained from ATCC (ATCC HTB-22; Rockville, MD). Other cell lines utilized for initial proliferation experiments include: 184 cells, which are a human mortal breast cell line; MDA-468 cells, which are a malignant human estrogen receptor-negative breast cell line; HBL100 cells, which are a human estrogen receptor-negative non-tumorigenic SV40 immortalized cell line; HeLa cells, which are an estrogen receptor-negative human cervical carcinoma cell line (15) . All cells were cultured in phenol red-free Dulbecco's modified Eagle's medium/F12 (DMEM/F12) containing 5% fetal bovine serum and 0.1 mg/ml kanamycin sulfate (Gibco BRL, Gaithersburg, MD) at 37°C in a humidified atmosphere of 95% air/5% CO 2 .
The medium was changed to phenol red-free DMEM/F12 containing 5% dextran-coated charcoal-filtered fetal bovine serum (DCC-FBS) to filter out organics, including steroid hormones. Cells were then trypsinized and plated for experimentation. All experiments were performed on cells passaged less than eight times. Non-radioactive cell proliferation assays HeLa, MDA-468, 184, HBL100, BG-1 and MCF-7 cells (20 000) were plated in 12 well plates in DCC-FBS DMEM/F-12 medium. Treated cells were exposed to 10 -11 , 10 -9 , 10 -7 and 10 -5 M melatonin (Sigma, St Louis, MO) and untreated cells were exposed to a corresponding amount of ethanol (0.01%) 24 h after plating. Some cells (BG-1 and MCF-7) were also growth stimulated with 10 -8 M 17β-estradiol 48 h following plating and 24 h following the initial addition of melatonin. Cells were also retreated with melatonin when treated with the fresh medium and estradiol. For consistency, cells that were not growth stimulated with estradiol were also given fresh medium and retreated with melatonin or ethanol. Cell proliferation was assayed colorimetrically at 570 nm 120 h following estradiol growth stimulation (CellTiter 96 Non-Radioactive Cell Proliferation Assay; Promega, Madison, WI). Briefly, medium was decanted and a solution containing 200 µl DCC-FBS DMEM/F12 and 30 µl 3-[4,5-dimethyl thiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) was added to each well. After 60-90 min, stop solution was added and the assay was scanned colorimetrically at 570 nm. Coulter counting Cells (BG-1 and MCF-7) were prepared for experimentation and treated as described above following estrogen starvation for 4-7 days in phenol red-free DMEM/F12 medium containing 5% DCC-FBS according to previously published protocols (17, 18) . Cells were plated in 100 mm 2 dishes at 1-4 ϫ 10 6 cells/dish. Melatonin and subsequent estradiol treatments were as described above with the following exception. Cells received fresh medium and were re-exposed to melatonin and estradiol at 72 h. Cells were counted using a Coulter counter (Coulter Electronics, Hialeah, FL) following trypsinization at 0, 72 and 144 h. The addition of estradiol commenced the experiment (0 time), which was 48 h after cells were plated and 24 h after the initial addition of melatonin. Cell cycle determination Cells (2ϫ10 6 ) were plated in 100 mm 2 dishes and exposed to 10 -7 and 10 -9 M melatonin as described above. Twenty-four hours following exposure to melatonin, cells were treated with 10 -8 M 17β-estradiol and melatonin at the appropriate concentration. Cells were prepared 24 h following estrogen exposure for flow cytometry in order to carry out cell cycle determinations (19, 20) .
BG-1 and MCF-7 cells were incubated in bromodeoxyuridine for 30 or 45 min, respectively, washed twice with phosphate-buffered saline (PBS), pH 7.4, harvested by scraping cells off the plates in 1% bovine serum albumin in PBS and then fixed in 5 ml cold ethanol. Following 2 N HCl incubation to denature the DNA, cells were neutralized with sodium borate and resuspended in a 0.5% Tween 20, 1% bovine serum albumin, PBS solution containing RNase and an antibody to bromodeoxyuridine conjugated to FITC (Becton Dickinson Immunocytometry Systems, San Jose, CA). After a 1 h antibody incubation, cells were centrifuged and resuspended in PBS containing propidium iodide. Samples were filtered and analyzed on a Becton Dickinson Flowscan flow cytometer using CellQuest software (Becton Dickinson, Mannsfield, MA). Northern blotting Cells were estrogen starved for 7 days as described earlier and then plated at 2ϫ10 6 cells/100 mm 2 dish. BG-1 and MCF-7 cells were pretreated with 10 -7 and 10 -9 M melatonin 24 h prior to exposure to 10 -8 M 17β-estradiol or 17β-estradiol plus melatonin at the appropriate concentration. Twenty-four hours following estradiol exposure, cells were washed with PBS and scraped from the plates with 1.5 ml Tri-reagent (MRC, Cincinnati, OH). RNA was extracted using the acid guanidinium-phenol-chloroform procedure (21) and quantified spectrophotometrically on a GeneQuant RNA/DNA calculator (Pharmacia, Piscataway, NJ). PS2 message was quantified by northern blotting. Total RNA (7 µg) was electrophoresed on a 1.2% agarose gel containing formaldehyde and transferred to a Gene Screen Plus Membrane (Du Pont, Wilmington, DE). Blots were hybridized with probes that had been radiolabeled with 32 P to a sp.act. Ͼ10 9 c.p.m./µg using the Ready-To-Go random priming kit (Pharmacia) and hybridized overnight in Hybrisol 1 solution (Oncor, Gaithersburg, MD). Blots were washed at high stringency (0.1ϫ SSC and 1% SDS at 60°C) before phosphorimaging and autoradiography. Probes used in this study were a 320 bp PstI fragment from pS2 (ATCC) and GAPDH (GenBank accession no. M33197) nucleotides 696-1032.
Proliferation of MCF-7 cells in vivo
Six-week-old intact, ovariectomized and/or pinealectomized outbred athymic female nude mice were obtained (Taconic Farms, Germantown, NY). At the 1896 start of the studies, the mice were divided into two separate experimental groups and six treatment groups. All mice were s.c. injected at four different sites with 10 6 MCF-7 cells/site with 100 µl of a 50:50 solution of matrigel (Collaborative Biomedical Products, Bedford, MA) and DMEM/F12 medium. Injection sites were located along the lateral body wall of the right and left axillary and right and left inguinal regions. For experiment 1, ovary-intact mice were used; group one received only MCF-7 cell injections, group two received the MCF-7 cells and had been pinealectomized; group three was injected with cells and had been sham pinealectomized. For experiment 2, ovariectomized mice were used; group one received a 60 day, 0.18 mg estradiol pellet (Innovative Research of America, Sarasota, FL); group two was pinealectomized and received a 60 day, 0.18 mg estradiol pellet; group three received a 60 day, 0.18 mg estradiol pellet and a 60 day, 5 mg melatonin pellet (Innovative Research of America). The pellets were implanted s.c. using standard methods and delivered estradiol and melatonin at rates of~3.0 and 83.3 µg/day, respectively. The mice were injected with the MCF-7 cells at the time of the pellet implants. The mice were periodically observed for gross evidence of mass growth at the injection sites. Once masses were detected visually, the animals were palpated and mass size was estimated. For experiment 1, the study duration was 13 weeks post-injection; for experiment 2, the study duration was 43 days. The study was terminated because it was determined by palpation that the mass burden was substantial and further growth may have led to significant discomfort in the mice. The total tumor mass at each site was added and the mass from each animal was calculated. Results are presented as tumor mass/mouse.
Background magnetic field measurement
Magnetic fields were measured using a three-axis magnetic field meter with a pass band adequate for characterizing fields at 60 Hz and power frequency harmonic fields. Measurements were performed in five locations (front right and left, middle, back right and left) on all three shelves of the incubator used for the studies (model 3326; Forma Scientific, Marietta, OH). Because the incubator door was open during the measurements, there were large temporal variations in the field. Approximate maximum root mean square values of the magnetic field were recorded at five locations on each shelf.
The bottom shelf had the highest fields because it was located above another incubator and stray fields from the fan motor of the other incubator appear responsible for the higher field levels on this shelf. Its largest value was 1.07 µT (10.7 mG) in the center of the bottom tray. The average for the bottom tray was 0.71 Ϯ 0.20 µT. The bottom shelf was not used for experiments.
The middle shelf was primarily used during studies because of its lower field levels and distance from its own and other fan motors. The top shelf was used if space was needed. The largest values for these shelves were 0.51 and 0.50 µT, respectively, with averages of 0.36 Ϯ 0.15 and 0.37 Ϯ 0.09 µT for the top and bottom shelves. Magnetic fields were not as high as those reported to inhibit the ability of melatonin to attenuate proliferation in MCF-7 cells (22) .
Results

Inhibition of cell proliferation by melatonin
Previous studies have shown that exposure to physiological levels of melatonin attenuates proliferation of estrogen receptor-positive cells, such as MCF-7 cells, but not estrogen receptor-negative cells (6) . Our data confirmed that melatonin at Ͼ10 -8 M attenuated the growth of MCF-7 cells by 50% and extended these observations to BG-1 cells, which were inhibited by 20%. These results were reproduced using the MTT assay and Coulter counting method (Table I and Figure  1 ). The proliferation of other cell lines was reduced slightly, but only at supraphysiological concentrations of melatonin (Table I) . Melatonin attenuated proliferation of BG-1 and MCF-7 cells in a dose-dependent fashion starting at 10 -9 M melatonin, with 10 -7 M melatonin providing the maximum attenuation of growth. However, if the cells were pre-treated with melatonin and then stimulated with 17β-estradiol, growth was not significantly attenuated in MCF-7 and BG-1 cells (Table II) , suggesting that melatonin attenuation of proliferation may not be physiologically relevant in estrogen-responsive cells and tissues. There was also no attenuation of proliferation during experiments performed in which melatonin and estradiol were added to the medium and the cells at the same time (data not shown). Furthermore, the data were not as consistent if cells were not estrogen starved, suggesting that organic chemicals (steroids) in the serum play a critical role in controlling growth of MCF-7 and BG-1 cells in the presence of melatonin. Interestingly, melatonin at 10 -5 M was toxic to MDA-468 cells (Table I) . Melatonin is generally considered relatively non-toxic; however, these cells appear to be sensitive at high concentrations (~30 000 times physiological at peak levels during the night). SK-OV-3 cells are also sensitive to melatonin metabolites (23) . Lastly, normal breast epithelial cells (strain 184) were unaffected by melatonin exposure.
Cell proliferation following multiple treatments with estradiol and melatonin
Because melatonin did not attenuate proliferation of cells following estradiol stimulation, the effects of multiple treatments with melatonin and estradiol were examined upon cells that were estrogen starved for 7 days to increase estrogen sensitivity (17, 18) . Cells were starved for 7 days to adhere to previously described protocols (17, 18) . It was hypothesized that if the difference in growth between melatonin exposure and no exposure was small, then multiple treatments may enhance the melatonin effect. Furthermore, enhancing estrogen sensitivity through estrogen starvation may manifest the ability of melatonin to reduce estradiol-induced proliferation. An estradiol concentration of 10 -8 M was chosen because it has been found to exhibit greater proliferative activity in MCF-7 cells than lower concentrations (15) . BG-1 cells show no dose dependence with estradiol between 10 -8 and 10 -10 M concentrations (15) . Twenty-four hour melatonin pre-treatments were performed to down-regulate estrogen receptors 1897 (9,10). Using this protocol, melatonin did not attenuate estradiol-induced proliferation in MCF-7 or BG-1 cells at 10 -9 or 10 -7 M melatonin (Figure 2 ). Cells not treated with estradiol did not proliferate; therefore, melatonin could not attenuate proliferation of 7 day estrogen starved cells not exposed to estradiol. This work also demonstrates that melatonin does not attenuate growth of MCF-7 cells due to low level toxicity.
To verify the ability of melatonin to attenuate proliferation without estradiol present (Table I) , a control was run with cells estrogen starved for only 4 days. Cells starved for 4 days still show proliferative capabilities without estradiol while still enhancing estradiol-stimulated growth. Melatonin at 10 -7 M, which is the concentration of melatonin that provided the most potent attenuation of proliferation, was chosen for the study (Table I) . Melatonin significantly attenuated proliferation (~20% inhibition) of MCF-7 and BG-1 cells in DCC-FBS (steroid hormone-free) under these conditions. However, melatonin did not inhibit growth in BG-1 or MCF-7 cells under this protocol if the cells were stimulated with estradiol ( Figure 1) .
Cell cycle alterations
To substantiate this work, we examined the effects of melatonin upon 17β-estradiol-enhanced cell cycle kinetics. 17β-Estradiol (10 -8 M) increased the number of MCF-7 cells in S phase by 69% and the number of BG-1 cells in S phase by 31%, while causing a subsequent decrease in the number of cells in G 1 phase of~30% in both cell types (Table III) . Melatonin (10 -7 and 10 -9 M) was unable to alter the estradiol-induced decrease in G 1 and subsequent increase in S phase (Table III) . Thus, melatonin does not inhibit the estradiol-induced changes in the cell cycle. Fig. 1 . Proliferation of (A) MCF-7 and (B) BG-1 cells following multiple exposures to 17β-estradiol and melatonin. Cells were plated in 100 mm 2 dishes following 4 days estrogen starvation and then pre-exposed to 10 -7 M melatonin 24 h prior to 17β-estradiol stimulus. Cells were re-exposed to melatonin and/or estradiol or Coulter counted every 72 h post-estradiol exposure. *, statistical significance of melatonin exposure compared with control at P Ͻ 0.05 by ANOVA followed by Scheffe's multiple comparison test (n ϭ 3); #, statistical significance of estradiol exposure compared with control at P Ͻ 0.05 by ANOVA followed by Scheffe's multiple comparison test (n ϭ 3).
Fig. 2.
Proliferation of (A) MCF-7 and (B) BG-1 cells following multiple exposures to 17β-estradiol and melatonin. Cells were plated in 100 mm 2 dishes following 7 days estrogen starvation and then pre-exposed to 10 -9 or 10 -7 M melatonin 24 h prior to 17β-estradiol stimulus. Cells were re-exposed to melatonin and/or estradiol or Coulter counted every 72 h post-estradiol exposure.
PS2 message PS2 mRNA is produced in response to 17β-estradiol in estrogen-responsive cancer cells (24) . We examined pS2 mRNA levels by northern blotting and observed a significant increase in pS2 with exposure to estradiol. This increase in pS2 mRNA occurred within 24 h of estradiol exposure in BG-1 and MCF-7 cells. Melatonin at 10 -7 M attenuated the production of pS2 mRNA by a small (13% in BG-1 and 17% in MCF-7 cells) but not significant level (P ϭ 0.121 for BG-1 and P ϭ 0.194 for MCF-7 cells) (Figures 3 and 4) . This reduced production of pS2 corresponds well with the inhibition of proliferation following multiple melatonin treatments without estradiol present (Figure 1) .
Melatonin effects on estrogen-dependent growth of MCF-7 cells in vivo
Only mice injected with MCF-7 cells and treated with exogenous 17β-estradiol formed significant tumor masses. The effects of pinealectomy on MCF-7 cell tumor mass in mice with intact ovaries could not be established, because significant tumor mass was not produced in these mice (data not shown).
Estradiol treatment (0.18 mg pellet) caused measurable proliferation of MCF-7 cells in athymic nude mice. Melatonin treatment (5 mg pellet) did not attenuate growth of MCF-7 cells in the mice treated with estradiol. Furthermore, loss of melatonin due to pinealectomy did not cause an increase in MCF-7 cell mass (Table IV) . Neither treatment caused any obvious changes in histological appearance of the tumors. Hence, melatonin had no direct effects on MCF-7 cell proliferation in vivo.
Discussion
Estrogen receptor-positive cells, such as MCF-7 cells, show strict estrogen dependence for proliferation in vivo (25) yet may proliferate without estrogens present in vitro. Therefore, we were interested in examining whether melatonin could inhibit estradiol-dependent proliferation in vitro as well as Cells were incubated in bromodeoxyuridine and prepared for flow cytometry as described in Materials and methods. Cells were exposed to melatonin for 24 h prior to treatment with estradiol (10 -8 M) and melatonin. Data are presented as means Ϯ standard deviation (n ϭ 3). a Statistical significance from untreated samples by ANOVA followed by Scheffe's multiple comparison test. There were no significant differences between estradiol treatments. Fig. 3 . Production of estrogen-responsive pS2 mRNA. Treated cells were exposed to 10 -7 (E2-7) or 10 -9 M (E2-9) melatonin 24 h prior to estradiol stimulus. Control cells were either treated with ethanol at the appropriate concentration (UT) or treated with 10 -8 estradiol (M E2). After 24 h exposure to estradiol, cells were harvested, mRNA was extracted and northern blots were done as described in Materials and methods. Previous research has demonstrated that melatonin downregulates estrogen receptor mRNA levels and estradiol binding in MCF-7 cells (9,10); thus, it was hypothesized that enhanced estrogen sensitivity due to estrogen starvation (17, 18) may provide conditions that increase the efficacy of melatonin as an inhibitor of estradiol-induced proliferation. However, 10 -7 and 10 -9 M melatonin did not inhibit estradiol-induced proliferation under these conditions ( Figure 2 ). As a positive control, the effects of melatonin upon basal cell growth and estradiol-stimulated cell growth were examined in MCF-7 and BG-1 cells following only 4 days of estrogen starvation. Under these conditions cells continued to grow throughout the experiment and melatonin inhibited basal cell growth but not estradiol-induced proliferation (Figure 1 ). Additionally, estradiol increased transition from G 1 to S phase in MCF-7 and BG-1 cells, but melatonin exposure did not attenuate the estradiol-induced increase in S phase (Table III) . Melatonin also did not cause a significant decrease in pS2 mRNA levels in BG-1 or MCF-7 cells (Figures 3 and 4) . The minimal decrease seen is interesting, because it suggests an antiestrogenic effect of melatonin on cancer cells that may be due to a decrease in estrogen receptor induced by melatonin. However, this response was not statistically significant nor consequential in attenuating estradiol-induced proliferation (Figures 1 and  2 ). This work demonstrates that melatonin does not work directly to suppress estradiol-induced proliferation in vitro. Therefore, we examined the ability of melatonin to attenuate proliferation in nude mice. Under these conditions, melatonin did not attenuate proliferation in athymic nude mice treated with estradiol and the loss of melatonin due to pinealectomy had no effect on MCF-7 cell proliferation (Table IV) . Recent studies have demonstrated that MCF-7 cells contain the putative melatonin receptor RZRα (16) . Melatonin may transduce its in vitro antiproliferative and DNA synthesisinhibiting (26) effects through this receptor. However, the estrogen receptor gene promoter does not contain an RZR response element (27) and thus melatonin would not be expected to directly inhibit estradiol receptor-mediated processes. However, it is contradictory that most of the cell lines whose growth is attenuated by melatonin are estrogen receptorpositive (7; this paper). Melatonin may work through other methods to down-regulate proliferation in vitro in estrogen receptor-positive cells, such as through growth factors, prolactin or prostaglandins (16) . Alternatively, the small effect melatonin has on in vitro growth may be suppressed by the vast effects estradiol has upon these cells, suggesting that melatonin would not have a direct effect upon estradiolinduced proliferation in vivo.
This work does not support the hypothesis that loss of melatonin would have a direct effect on estradiol-induced cancers. However, multiple researchers have demonstrated that melatonin acts through high affinity plasma membrane receptors in the brain (superchiasmatic nucleus and hypothalamus) and hypophyseal pars tuberalis (28, 29) . Activation of these receptors (Mel 1a , Mel 1b and Mel 1c ) inhibits cAMP production in a manner consistent with the superfamily of G protein-coupled receptors (30) . Inhibition of cAMP could inhibit release of gonadotropin releasing hormone from the hypothalamus and luteinizing hormone from the pituitary. Gonadotropin releasing hormone is essential in the subsequent release of luteinizing hormone and FSH from the pituitary. Subsequent down-regulation of gonadotropin release would effect 17β-estradiol release and may attenuate proliferation of estrogen-responsive cancers during the promotional phase, as hypothesized by Stevens and Davis (5) and seen by Blask et al. (1) . We were unable to examine this hypothesis in vivo because ovary-intact mice without estradiol pellets did not produce MCF-7 cell tumors (data not shown).
In conclusion, although melatonin does attenuate proliferation of MCF-7 and BG-1 cells in serum, it does not inhibit estradiol-induced proliferation under these conditions. This was demonstrated using both proliferation studies and biomarkers of estrogen exposure in vitro, as well as proliferation studies in vivo. Consequently, this work suggests that reduced concentrations of melatonin would not cause a direct increase in proliferation of estrogen receptor-positive cells and tissues and does not support a role of melatonin in the etiology of estrogenresponsive cancers.
